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Abstract: Vitamin E plays an important role in attenuating muscle damage caused by oxidative
stress and inflammation. Despites of beneficial effects from antioxidant supplementation, effects of
antioxidants on exercise-induced muscle damage are still unclear. The aim of this meta-analysis was
to investigate the effects of dietary vitamin E supplementation on exercise-induced muscle damage,
oxidative stress, and inflammation in randomized controlled trials (RCTs). The literature search was
conducted through PubMed, Medline, Science Direct, Scopus, SPORTDiscuss, EBSCO, Google Scholar
database up to February 2022. A total of 44 RCTs were selected, quality was assessed according
to the Cochrane collaboration risk of bias tool (CCRBT), and they were analyzed by Revman 5.3.
Dietary vitamin E supplementation had a protective effect on muscle damage represented by creatine
kinase (CK; SMD —1.00, 95% CI: —1.95, —0.06) and lactate dehydrogenase (SMD —1.80, 95% CI:
—3.21, —0.39). Muscle damage was more reduced when CK was measured immediately after exercise
(SMD —1.89, 95% CI: —3.39, —0.39) and subjects were athletes (SMD —5.15, 95% CI: —9.92, —0.39).
Especially vitamin E supplementation lower than 500 IU had more beneficial effects on exercise-
induced muscle damage as measured by CK (SMD —1.94, 95% CI: —2.99, —0.89). In conclusion,
dietary vitamin E supplementation lower than 500 IU could prevent exercise-induced muscle damage
and had greater impact on athletes

Keywords: exercise; muscle damage; oxidative stress; inflammation; vitamin E

1. Introduction

It is well-known that exercise improves whole-body energy metabolism and makes
muscles stronger and more resistant to fatigue [1]. In addition, regular exercise improves
cognitive functions in healthy populations [1]. Due to the beneficial effects of exercise as
mentioned, interest in physical activity is increasing all over the world.

According to the scientific evidence reported, there are several molecules and signaling
cascades involving in muscle health. Among those factors, reactive oxygen species (ROS)
is generated during exercise and makes muscles stronger as well as induces adaptation
by up-regulating endogenous antioxidant enzymes [2]. The enzymatic antioxidants in-
crease resistance to fatigue, reduce oxidative stress, and ultimately enhance whole body
health [3]. Exercise-induced ROS also activates redox-sensitive signal pathways that control
inflammatory transcriptional factors [4]. Especially, activating inflammatory response in-
duces expression of genes which facilitate the regeneration of damaged skeletal muscle [4].
Moreover, several studies have indicated that exercise-induced ROS and inflammation
resulted in muscle adaptation such as strengthened endogenous antioxidant defense [5],
mitochondrial biogenesis, and regenerative response [6].
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Although exercise-induced ROS and inflammation showed advantageous effects as
mentioned above, overwhelming ROS and chronic inflammation during intensive physi-
cal exercise may be harmful for skeletal muscle through damage of cellular components
including proteins, lipids, and nucleic acids [7,8]. As a result of the damage, oxidative
products such as protein carbonyls (PC), F2-isoprostanes, malondialdehydes (MDA) and
8-ox0-2'-deoxyguanosine (8-OHdG) [7] as well as inflammatory myokines such as inter-
leukin 6 (IL-6) and tumor necrosis factor-oc (TNF-«) are increased and consequently hinder
muscular performance and delay the recovery [8]. Additionally, strenuous physical exer-
cise, which generates excessive oxidative stress and inflammation, leads to delayed-onset
muscle soreness, muscle stiffness, and muscle weakness, indicated by increased levels of
creatine kinase (CK) and lactate dehydrogenase (LDH) [9].

Antioxidant and anti-inflammatory nutrients received great attention as a possible
solution for preventing exercise-induced oxidative stress and inflammation [10-12]. Vi-
tamin E as a lipid-soluble and chain-breaking antioxidant, stops the progression of the
lipid peroxidation chain reaction and maintains the integrity of polyunsaturated fatty acids
in the cell membranes [13,14]. Researchers have investigated whether dietary vitamin E
supplementation prevents exercise-induced muscle damage, oxidative stress, and inflam-
mation. For example, many studies reported that vitamin E supplementation decreased
CK [15-17] and MDA [18-20] concentration following exercise. However, other studies
demonstrated that vitamin E supplementation did not decrease CK and MDA levels after
exercise [21,22], which is opposite to the reports mentioned above. In addition, a previous
study showed that vitamin E supplementation decreased IL-6 [23], while another study
showed no effect from vitamin E supplementation on IL-6 [24].

Taken together, vitamin E supplementation showed controversial effects on exercise-
induced muscle damage, oxidative stress, and inflammation. Because a previous meta-
analysis of six randomized controlled trials (RCTs) found no beneficial effects of vitamin E
supplementation on exercise-induced lipid peroxidation and muscle damage [25], multifac-
torial studies are needed to investigate the overall antioxidant and anti-inflammatory effects
of dietary vitamin E supplementation on exercise-induced muscle damage, oxidative stress,
and inflammation. Hence, the present study investigated the effects of dietary vitamin E
supplementation with subgroup analysis to consider various factors.

2. Materials and Methods
2.1. Literature Search Strategy

The literature search for a meta-analysis was performed using the following databases:
PubMed, Science Direct, Scopus, SPORTDiscuss, EBSCO. The final search was carried
out in February 2022. To search for vitamin E, the following search keywords were used:

VA7

“antioxidant”, “vitamin E”, “tocopherol”, and “alpha tocopherol”. To search for exercise,
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the following search keywords were used: “exercise”, “physical activity”, “acute exercise”,

A a7 vou a7

“isometric exercise”, “aerobic exercise”, “anaerobic exercise”, “endurance exercise”, “run-

”oou

ning”, “treadmill”, “cycling”, “bicycle ergometry”, and “training”. To search for muscle
damage, the following terms were used: “muscle damage”, “muscle soreness”, “muscle
pain”, “creatine kinase (CK)”, and “lactate dehydrogenase (LDH)”. To search for exercise-
induced oxidative stress, the following search keywords were used: “malondialdehyde
(MDA)”, “protein carbonyls (PC)”, “8-hydroxy-2deoxyguanosine (SOHdG)”, “total radical
scavenging capacity (TRSC)”, “4-hydroxynonemal (4-HNE)”, “F2-isoprostane”, “total an-
tioxidant status (TAS)”, “glutathione peroxidase (GLP)”, and “glutathione”. To search for
exercise-induced inflammation, the following terms were used: the acute phase protein
C reactive protein (CRP)”, “interleukin-6 (IL-6)”, “interleukin-10 (IL-10)”, and “tumor

necrosis factor- o« (TNF-o0)”.

2.2. Study Selection

The literature which fulfilled the following inclusion and exclusion criteria was se-
lected. The inclusion criteria were: (1) full-text study with human-based randomized clini-
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cal trials (RCTs); (2) study on healthy participants (age 18 < age < 65 years old); (3) study
with only pre-exercise supplementation. The exclusion criteria were (1) meta-analyses and
reviews; (2) studies using a mixture of other antioxidants for supplementation; (3) studies
on smokers, children (<18 years old), the elderly (>65 years old), and patients; (4) studies
with no exercise after supplementation. Exercise protocol which attempts to detect the
changes in biomarkers after intake of final supplementation was considered valid [26].
When the results of the selected studies were only graphically represented, the authors
of those studies were contacted via email. If the information was still unavailable due to
no response from the author or data loss, transformation of graphical data to numerical
was performed using the Digitizelt program, a digitizer measuring tool (Digitizelt 2015;
Bormann, Braunschweig, Germany). A biomarker was analyzed if it was measured in two
or more studies with a similar timeframe. The process of study selection was conducted
according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow
diagram (PRISMA).

2.3. Quality Assessment

The quality of included studies was judged according to the Cochrane collaboration
risk of bias tool (CCRBT) [27]. CCRBT is composed of eight domains, which are random
sequence generation, allocation concealment, blinding of participants/personnel /outcome
assessor, incomplete output data, selective reporting, and other potential threats to validity.
Each domain was evaluated as ‘yes’, ‘no’, and ‘unclear’, and two evaluators (M.K. and Y.L.)
judged the bias according to the detailed criteria. Literature with a ‘yes’ in all domains
was classified as low risk of bias. Literature with “unclear’ or 'no’ in two or fewer domains
was classified as moderate risk of bias. Literature with “unclear’ or ‘no’ in three or more
domains was classified as high risk of bias.

2.4. Statistical Analysis

Data analysis was performed using Revman 5.3 (Cochrane Collaboration, Oxford,
UK). Because there is high variation in the duration of supplementation and exercise pro-
tocol (method, intensity, duration), the random effect analysis model was applied. Data
were extracted in the form of means and standard deviations (SD). The mean difference
was defined as the difference in each biomarker between the placebo and supplemented
groups at pre- and post-exercise. Effect size (Z) was drawn from the mean difference
and was interpreted based on the following reference points: Z values of 0.2, 0.5, and
0.8 were considered small, moderate, and large, respectively [28]. The degree of incon-
sistency within studies, also referred to as heterogeneity (12), was interpreted based on
the following reference points: 25%, 50%, and 75%, representing no, low, moderate, and
high heterogeneity, respectively [29]. Subgroup analyses were performed based on time
points (immediately, 24 h, and 48 h after exercise), vitamin E supplementation dosage
(<500, >500 IU), and subject type (athlete, non-athlete) to specifically evaluate the effects
of vitamin E supplementation on exercise-induced CK and MDA. If p-value was p < 0.05,
the result was considered statistically significant. To assess publication bias, Egger’s test
and Funnel plot were used to explore the possibility of small-study effects (a tendency for
estimates of the intervention effect to be more beneficial in smaller studies), proceeded by
software R (Version 3.6.1, meta-package, 2019) and Revman, respectively. If the p-value of
the Egger’s test was p < 0.05, it was considered to have publication bias.

3. Results
3.1. Literature Research

The search was performed up to February 2022 and covered all studies published
in the previous years. Seven hundred and eighty-two RCTs were initially screened and
repeated, and 464 RCTs were excluded. After further screening based on title and abstract,
288 RCTs were excluded because they used other antioxidants and mixtures of antioxidants
for supplementation, or were not conducted in healthy people, conducted in the elderly,
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children, smokers, and patients, or were not full-text. For the meta-analysis, 44 studies with
comparable makers, measurement frequencies, and valid exercise protocols were finally
selected. Finally, 17 RCTs were selected and measured biomarkers in the studies were CK,
LDH, MDA, TAS, and IL-6. Details of the selection process are represented in the flow
chart (Figure 1).

Literature search
Database: PubMed, Science Direct, SPORTDiscuss, EBSCO

Limit: human-based randomized clinical trials

’ Excluded
»| Repetition of publication in other search
Records screened engines (n=464)
(n=782)
v Excluded
Studies screened on basis of title and Studies conducted on children (<15 years
abstract (n=318) old) and elderly (>65 years old) (n=28)
Smoker (n=2)
> Not full-text (n=79)
v
. . Not conducted studies on health people
Full-text articles assessed for eligibility (n=60)
(n=30)
Relevant Studies Other antioxidants and mixture of
L antioxidants used for supplementation
30 RCTs for Vitamin E (0=119)

L 4 Excluded

Full-text articles assessed for eligibility Incomparable markers and measurement
(n=17) frequencies (n=11)

Relevant Studies Not valid exercise trial after treatment

— (n=2)
30 RCTs for Vitamin E

Figure 1. Flow chart illustrating the study selection process.

3.2. Characteristics of the Included Studies

Total 17 RCTs were summarized according to subject, study design, duration and
dosage of supplementation, protocol of exercise, time-points of measurement, and sup-
plementation effects on biomarkers (Table 2). The age of subjects of selected studies were
within the range of 18 to 40 years. Vitamin E dosage was standardized to IU format
(1 mg = 1.21 IU) ranging from 300 to 1318 IU per day. Measurement time-points were var-
ied from immediately after exercise to 7 days after exercise. Four studies were conducted
on athlete and 13 studies on heathy people. Gender of subjects was almost all male in
selected RCTs. There was one RCT conducted on both sexes and the other RCT conducted
on only females. Effect of vitamin E supplementation was analyzed on muscle damage
measured by CK and LDH, on oxidative stress demonstrated by MDA and TAS, and on
inflammation, represented by IL-6.
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Table 1. Characteristics of included studies for the meta-analysis of effects of dietary vitamin

E supplementation.

Study Year Study Supplementation Subjects Ei'(;{;iciel Measurement gz l:;;:;e O)éitc::;isve Inflammation
. . Daily
AS‘:}‘;?;) Design D(l&?;;on D((}sl?)ge (nglel;er’ Marker Effect Marker Effect Marker  Effect
60 min at an
intensity of
RCT, 9, healthy 70% VT'T ind before and
Santos double- Single males, normoxia an immediately, CK 1 ~
SA.23] 21 “hlind  dose(1) 0025 242+32 hypoxia at1hafter ~ LDH 1 IL-6 +
design years simulating an exercise
altitude of
4200 m
10, male Stretching,
Schulpis basketball technical- imrlzleefc(l)ir;t,el CK i
oH [}; g 2007 RCT 30 300 layers, tactical part, a o th y i i TAS 1
- 185406  heavy training ?raﬁrr\inge
years load part
RCT, 20, male before and
Gaeini double- students, incremental immediately
AA 1] 2006 Tiing £ 672 231420 exercise test after CK © MDA o
design years exercise
each day
beginning
A dRCl;li, 18, healthy refpeiteld l])jolilts with the first
wvery ouble- men, of whole-body exercise
N.G. [22] 2003 blind 3l 1200 227 £4.1 resistance session at, cK T MDA <
design years exercise 24 hand
48 h after
exercise
before
(baseline)
and
RCT, 16, healthy . immediately
/ 4 ran downhill
Sacheck  ,q)3  double- 84 1000 men, for 45 min at after CK 1 MDA o
].M. [30] bhl:1d 264+ 33 75% VO, max exercise
design years 2 (0 h), and at
6,24, and
72 h after
exercise
baseline, the
day
immediately
RCT 14, male 6-day running  before, the
( ! raming next da
Ttoh H. double- students, : y
131] 2000 blind 28 1200 211423 session after, and CK 1 MDA 1
. (483 +£5.7
design years | three weeks
km x day™) after the
6 day
running
training
12, weight-
trained bef d
. males VE: heavy elore an
Mcbride 1995 gt 14 1200 22407 resistance at24 h and CK | MDA ¢
JM. [17] years P: exercise 48 h after
: exercise
22.0+09
years
7, male S?artgﬁgge::g _before and
l?ry[alngt] 2003 RCT, 21 400 Sy ists, a 30-min lmmefflafely MDA |
. y cars performance e)izrsirse
ride
RCT, 27, males
Viital double- and females, st ir?ﬁf:’rgia?cll
pp®3 2004  blind, 14 1318 ages of 19 resistance ediately MDA &
E. [32] Crossover and exercise test and 6 h after
design 30 years exercise
before the
beginning of
RCT, . supplemen-
/ 9, health PP
Niess 2002 d&?fée- 8 500 mi?es, Y eI;}eCrEiIsréetr;tsil+ tation and 3, K 1
AM. [16] 4 253+ 1.0 continuous 24and 48 h
crossover ears run after the end
design ¥y of the
continuous
run
. atrest, 0,
) RCT, 13, males, incremental 0.25,1,3,24
ST 2003 crossover 8 500 265409 ~ exercisetest+ T l4agh CK o
e design ears continuous after
& ¥y run

exercise.
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Table 2. Characteristics of included studies for the meta-analysis of effects of dietary vitamin

E supplementation.

Exercise

Muscle Oxidative

Study Year  Study Supplementation Subjects Protocol Measurement Damage Stress Inflammation
. . Daily
A(ll:tllrlztr) Design D(lcllr:;;on Dosage (ngél;er, Marker Effect Marker Effect Marker  Effect
(IU)
10, male i
g training before
iri basketball : P
Tsakiris program two immediately CK 1
S.[15] 2009 RCT 30 300 151;1 }f{]s% or three times after the LDH s TAS +
.years ’ a week training
b before and
a single bout at 15 min
ngt[‘;ﬁ“n 1995 RCT 14 1200 LB  of exhaustive and 24 h MDA |
e Y exercise after
exercise
before,
21 immediatel
healthy y
. male ; after
Sumida 1989 RCT 8 447 college incremental exhaustion, MDA 1
[20] d 8 exercise test and at 1 and
students, 3hin the
20.3 £0.3 recovery
years period.
RCT, 21, male
. ’ 4 days 0,2, 4,
SialA 2010 Goeble 14 g0 Vgumieers, EE and 7 after MDA |
design years EE
18
: before and
AkowaB- 2001 Rt 56 300 sedentary  fatigue test after the MDA
19-35 yea’rs exercise
38,
RCT. triathletes, irf?li;r:laeide a before the
. / VE: race, at O h,
Niess double- 3.9-km ocean / 4
AM. [24] 2000 “pjing 56 500 35§aris %;,6 swim, 180-km 2 g‘& %é}f{ IL-6 T
design 392+ 14 bike race and ostrace
&ears ) 42-km run p

Abbreviations: CK, creatine kinase; LDH, lactate dehydrogenase; MDA, malondialdehyde; TAS, total antioxidant
status; IL-6, interleukin-6; IL-10, interleukin-10; RCT, randomized controlled trial; VT, ventilatory threshold; EE,
eccentric exercise; VE, Vitamin E supplementation; P, Placebo; |, decrease; 1, increase; <+, no difference.

3.3. Quality Analysis of RCT Included in the Meta-Analysis

Quality assessment of 17 RCTs included in the meta-analysis was performed by
Cochrane collaboration risk of bias tool [27] (Figure 2). Nine RCTs were evaluated ‘low risk’
of bias and 8 RCTs were considered as ‘moderate risk’ of bias.

Random sequence generation (selection bias)

& | @ | 6861 1218 S epluIng

Allocation concealment (selection bias)

¢ | @® | @ | cooz 1218 wisplauyds

Blinding of participants and personnel (performance hias)

Blinding of outcome assessment (detection bias)

¢ | @®| ¢ (@®|® |66 1218 wrepugin

¢ @) ¢ | @®|@®|sc6 1e1evuveunen
¢ | @®| ¢ |@®|@® |00 1818 g EAAY

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

® S S S | ®| @®)|00zieisidnus

® O S ® : | ®|® | coozieevsunesy
® O e :

® O S S ® ®| ®|roozieie3deemn
® O O S S @® ®|oziEiens

® O S S ® @ @ c0zievssoues

® S S S ®| ®| @ |oooz eeNYssaN

. . . . . ‘ . Z00Z '1e 18 Wy ssaIN
®e

® S S S S ® @ cooziewrieyes

® O S S S ® @ ooozieHuN

Other bias

® O O S S @ @®|coozieieonheny

® S | ®| ¢ |®|@®|coozeieryvedg
®Ne

® O S S S @ @®|coozieevwiuees

Figure 2. Quality analysis of RCTs included in the meta-analysis (+, ‘yes’; ?, “‘unclear”).
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3.4. Effects of Dietary Vitamin E Supplementation on Exercise-Induced Muscle Damage

CK and LDH concentration were used to examine the effect of dietary vitamin E
supplementation on exercise-induced muscle damage. CK concentration (U/L) was ana-
lyzed in 10 RCTs. The overall effect of vitamin E supplementation on muscle damage was
significant (SMD —1.00, 95% CI: 1.95 to —0.06, p = 0.04) with high heterogeneity (I> = 90%)
(Figure 3A). Subgroup analyses were conducted according to measurement time-points,
vitamin E dosage, and type of subject (Table 3). Vitamin E supplementation had a sig-
nificant effect on muscle damage immediately after exercise (SMD —1.89, 95% CI: —3.39
to —0.39, p = 0.01), but no protective effect at 24 h (SMD —0.084, 95% CI: —2.31 to 0.63,
p = 0.26) and 48 h after exercise (SMD 0.71, 95% CI: —2.43 to 3.86, p = 0.66). Heterogeneity
was high at immediately, 24 h, or 48 h after exercise (12 = 91%, 88%, 94%, respectively). Low
dosage of vitamin E supplementation (<500 IU per daily) showed ameliorative effect on
muscle damage (SMD —1.94, 95% CI: —2.99 to —0.89, p = 0.0003) with high heterogeneity
(I? = 88%). However, high doses of vitamin E supplementation (> 500 IU per day) had no
effect on muscle damage (SMD 0.73, 95% CI: 1.27 to 2.73, p = 0.48) with high heterogeneity
(12 = 92%). Moreover, vitamin E supplementation significantly decreased CK concentration
(SMD —5.15, 95% CI: —9.92 to —0.39, p = 0.03) in athletes, but there was no beneficial
effect in non-athletes (SMD —0.31, 95% CI: —1.21 to 0.58, p = 0.49) with high heterogeneity
(I? = 93, 88% respectively). Egger’s test (p = 0.45) showed no significant publication bias
related to the association between vitamin E supplementation and CK.

Another muscle damage maker, LDH concentration (U/L) was analyzed in 4 RCTs.
Vitamin E supplementation showed a significant reduction of LDH immediately after exercise
(SMD —1.80, 95% CI: —3.21 to —0.39, p = 0.01) with high heterogeneity (I = 82%) (Figure 3B).

Table 3. Results of subgroup analysis for the effect of vitamin E supplementation on CK concentration.

Group No. of Subject Sitj’cl\;g%nﬂ]‘) :gfgize(;;e p Pheterogeneity I (%)
Total 288 —1.00, (—1.95 to —0.06) 0.04 <0.00001 90
Measurement timepoint
Immediately after exercise 122 —1.89, (—3.39 to —0.39) 0.01 <0.00001 91
at 24 h after exercise 104 —0.084, (—2.31 to 0.63) 0.26 <0.00001 88
at 48 h after exercise 61 0.71, (—2.43 to 3.86) 0.66 <0.00001 94
Daily dosage
<500 190 —1.94, (—2.99 to —0.89) 0.0003 <0.00001 88
>500 98 0.73, (—1.27 t0 2.73) 0.48 <0.00001 92
Subject
Athlete 52 —5.15,(—9.92 to —0.39) 0.03 <0.00001 93
Non-athlete 236 —0.31, (—1.21 to 0.58) 0.49 <0.00001 88

3.5. Effects of Dietary Vitamin E Supplementation on Exercise Induced Oxidative Stress

Exercise-induced oxidative stress was examined using plasma MDA and TAS concen-
trations to examine the effect of dietary vitamin E supplementation. MDA concentration
(umol/L) was analyzed in seven RCTs. The overall effect of vitamin E supplementation
resulted in no protective effect on MDA (SMD —0.17, 95% CI: —0.52 to 0.18, p = 0.35), with
low heterogeneity (I> = 42%) (Figure 4A). Subgroup analysis was conducted according
to measurement time-points, vitamin E dosage and a type of subject (Table 4). Vitamin
E supplementation did not have a significant effect on exercise-induced oxidative stress
immediately after exercise (SMD —0.21, 95% CI: —0.57 to 0.14, p = 0.24), at 24 h (SMD 0.20,
95% CI: —0.41 to 0.81, p = 0.52) and 48 h after exercise (SMD —0.92, 95% CI: —2.23 to
0.39, p = 0.17) with no, low and moderate heterogeneity, respectively (1> = 0%, 37%, 76%).
Lower dosage of vitamin E supplementation (<500 IU) had beneficial effect on oxidative
stress (SMD —0.48, 95% CI: —0.95 to —0.01, p = 0.04) with no heterogeneity (I?> = 0%).
High dosage of vitamin E supplementation (>500 IU per daily) had no significant effect
on oxidative stress (SMD —0.06, 95% CI: —0.49 to 0.38, p = 0.79) with low heterogeneity
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(I? = 47%). Vitamin E supplementation in both athletes (SMD —0.55, 95% CI: —2.00 to 0.90,
p = 0.46) and non-athletes had no potential benefit on MDA concentration (SMD —0.15,
95% CI: —0.43 to 0.13, p = 0.30) with high and no heterogeneity, respectively (I> = 80%,
0%). Egger’s test (p = 0.89) showed no publication bias related to the association between
vitamin E supplementation and exercise-induced MDA level.

Vitamin £ Placebo Sid. Mean Difference $td. Mean Difference
StudvorSubgroup  Mean SO Total Mesa SO Total Weight IV, Rasdom, 95% CI IV, Random, §5% CI
AveryNG et al 2003b W B2 91802 N 9 60%  451[260,641) ——
MeyNGelal 2003¢ 28743 3538 9 9867 M45 9 52%  6M[369.859 S
Gaeini A et al 20063 51998575 10 739 6789565 10 74%  -0.19}1.06,069 = 1
Roh Hetal 20000 36 1894 7 789 14 T 69% 1734302044  —
McBride JM et al 19988 0 110013 6 252 2120318 6 69%  -1.11}236,049 -
Niess AM elal 20023 3006565 9 758N 9 73%  -0Mp07,078 = 3
Niess AM et al. 20020 0 188 9 92 653 9 1% 1704282059 e
Niess AMefal 2002¢ 11575 9 S IS 9 T1%  -1594269,.-050 o
SacheckMetal 20030 477 481 B 2544 1256 8 69% 2074335079 =
SafosSAelal 20162 4872 6845817 0 4944 1004774 9 73%  -0.01}093,097 T
Schneider M etal 20033 5142003 13 7 4144 13 75%  -D14}091,063 T
SchneiderMetal 20030 57 1979899 13 116 321354 13 73% 2144314115 -
SchneiderMetal 2003¢ 25 1930026 13 53 2083267 13 74% 1594249069 o
SchupisKHetal 20072 363 1921263 10 200 2376638 10 49%  -7264991,-460) ——
Tsakiis Aetal 20093 %3 1886706 10 200 229984 10 48% 7451018473 S
Total (95% C) 14 144 1000%  -1.00(-1.95, 0.08) L 2

Heterogeneddy. Tau®= 297, Chi'= 135,97, &f= 14 (P < 0.00001), P= 90%
Test for overall eflect 7= 207 (P=004)

WAY OF SUDGroup
fioh Hetal 2000 b
Santo SAetal 20163
Schulis KH et al 2007 a
Tsakins Setal 20093

Total (95% C1)

Heterogeneity. Tau*= 1,65, Ch*= 16.79, df= 3 (P = 0.0008), F= 82%
Testfor overall effect Z= 251 (P=0.01)

M al Weight IV, Random, 95% CI N, 95%Cl
7 2164 5642127 7 200%  -209[347.-070) S =
2N 3587055 9 3984 1578204 9 274%  -043}1.37,050)
95 4761302 10 301 4311612 10 212%  -4.34}6.08,-260) s
o
10 5 0 5

0 5 0 5 10
Fawours [supplemented] Favours [placedol
(A)
Vitamin E Placebo Std. Mean Difference Std. Mean Difference

lean D ean )

83 58.80476

97 2104115 10 301 1989799 10 274%  -0.95[1.89,-0.02)

36 36 100.0%  -1.80[-3.21,-0.39]

10
Favours [supplemented] Favours [Placebo]

(B)

Figure 3. Forest plot for overall effects of vitamin E supplementation on CK (A) and LDH (B) CK,
creatine kinase; LDH, lactate dehydrogenase; SD, standard deviation; SE, standard error; CI, confi-
dence interval; df, degrees of freedom; a, measurement immediately after exercise; b, measurement
at 24 h after exercise; ¢, measurement at 48 h after exercise. Green squares represent the weighted
mean difference (WMD) of each study and the black diamond represents the summary of weight
mean difference.
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Figure 4. Forest plot for overall effects of vitamin E supplementation on MDA (A) and TAS (B)
MDA, malondialdehydes; TAS, total antioxidant status; SD, standard deviation; SE, standard error;
CI, confidence interval; df, degrees of freedom; a, measurement immediately after exercise; b,

measurement at 24 h after exercise; ¢, measurement at 48 h after exercise; X, pre-training exercise test;

y, post-training exercise test. Green squares represent the weighted mean difference (WMD) of each

study and the black diamond represents the summary of weight mean difference.

Another oxidative stress maker, TAS concentration (nmol/L) was analyzed in two
RCTs. Vitamin E supplementation significantly reduced TAS level immediately after exercise
(SMD —0.81,95% CI: —1.46 to —0.16, p = 0.01) with no heterogeneity 1 = 0%) (Figure 4B).
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Table 4. Results of subgroup analysis for effects of vitamin E supplementation on MDA concentration.

Std, Mean Difference in CK,

Group No. of Subject UIL (95%CI) p Pheterogeneity 2 (%)
Total 249 —0.17, (—0.52 t0 0.18) 0.35 0.04 42
Measurement timepoint
Immediately after exercise 126 —0.21, (—0.57 to 0.14) 0.24 0.71 0
at 24 h after exercise 72 0.20, (—0.41 to 0.81) 0.52 0.36 37
at 48 h after exercise 51 —0.92, (—2.23 to0 0.39) 0.17 0.04 76
Daily dosage
<500 74 —0.48, (—0.95 to —0.01) 0.04 0.53 0
>500 175 —0.06, (—0.49 to 0.38) 0.62 0.04 47
Subject
Athlete 38 —0.55, (—2.00 to 0.90) 0.46 0.002 80
Non-athlete 211 —0.15, (—0.43 to 0.13) 0.30 0.68 0

3.6. Effect of Dietary Vitamin E Supplementation on Exercise-Induced Inflammation

IL-6 concentration was used to examine the effect of dietary vitamin E supplementation
on exercise-induced inflammation in this meta-analysis. IL-6 concentration (pg/mL) was
analyzed in two RCTs. Vitamin E supplementation did not have a protective effect on
inflammation after exercise (SMD —0.39, 95% CI: —4.85 to 4.12, p = 0.087). There was
moderate heterogeneity between two studies (12 = 57%) (Figure 5).

Vitamin E Placebo Mean Difference Mean Difference
__Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95%CI IV, Random, 95% CI
Niess AM et al. 2000 a 522 8053608 13 388 7301455 13 292% 1.34 [-4.57,7.25) o
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Testfor overall effect Z=017 (P=0.87) Favours [supplemented] Favours [placebo]

Test for subaroun differences: Not anolicable

Figure 5. Forest plot for an overall effect of vitamin E supplementation on IL-6 (interleukin-6); SD,
standard deviation; CI, confidence interval; df, degrees of freedom; a, measurement immediately after
exercise; b, measurement at 24 h after exercise. Green squares represent the weighted mean difference
(WMD) of each study and the black diamond represents the summary of weight mean difference.

4. Discussion

This study investigated the effects of dietary vitamin E supplementation on exercise-
induced muscle damage, oxidative stress, and inflammation. Our results demonstrate
the protective role of vitamin E supplementation in detrimental outcome in muscle due
to exercise. Interestingly, beneficial effects of vitamin E supplementation on muscle
damage showed singularity of optimal dosage or had different pattern between athletes
and non-athletes.

Various types of exercise generate ROS, and exaggerated ROS after exercise may lead to
redox imbalance states, commonly known as oxidative stress and chronic inflammation [7].
Oxidative stress and inflammation accelerated muscle fatigue, delayed recovery time
and reduced exercise performance [9]. Vitamin E was suggested as a nutritional strategy
for preventing harmful effects of exercise [11]. However, some research showed that
antioxidants had no effects on exercise-induced muscle damage, oxidative stress, and
inflammation [6]. As a result, it was at the center of a controversy whether antioxidants
have beneficial effects against intensive exercise. Hence, the present study investigated the
effects of dietary vitamin E supplementation on exercise-induced muscle damage, oxidative
stress, and inflammation.

Muscle damage is related to transient ultrastructural myofibrillar disruption, which
increases efflux of myocellular enzymes such as CK and LDH [36]. Dietary vitamin E
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supplementation more evidently decreased exercise-induced muscle damage immediately
after exercise, demonstrated by CK. Given that CK concentrations typically peak within
24 h of exercise [36], the results suggested that vitamin E supplementation protected
muscle damage more effectively at an early stage. Interestingly, protective effects of
vitamin E supplementation on exercise-induced muscle damage was relatively clear with
lower dosage (<500 IU) and athletes. When compared to non-athletes, athletes who
exercise on a regular basis have stronger antioxidant defense systems and lower oxidative
stress [37]. This implies that vitamin E supplementation might work better at a certain
dosage (probably at 500 IU) or propel a well-constructed antioxidant defense system. Even
though the number of studies included was small, vitamin E supplementation decreased
exercise-induced LDH concentration which is another muscle damage marker. Therefore,
additional studies are needed to assess whether vitamin E supplementation can downgrade
exercise-induced LDH concentration.

Oxidative stress results in oxidation of cellular lipids, typically referred to as lipid per-
oxidation, that produces various oxidative products such as MDA [13]. Overall, vitamin E
supplementation generally had no effect on MDA concentration; however, again, 500 IU or
less vitamin E did reduce MDA concentration immediately after exercise when MDA prod-
ucts are typically at their peak [38]. Two studies illustrated that vitamin E supplementation
reduced exercise-induced TAS concentration. Pre- and post-exercise TAS concentrations
were higher in the vitamin E supplemented group than in the placebo, but TAS levels were
more significantly reduced after exercise in the vitamin E supplemented group [15,32]. It
could be interpreted that vitamin E supplementation increased the antioxidant capacity
before exercise and inhibited the free radical production during exercise.

In damaged muscle cells, exercise-induced inflammation results in the secretion of
pro-inflammatory cytokines such as IL-6 and TNF-a [39]. In this study, vitamin E supple-
mentation did not reduce exercise-induced IL-6 concentration immediately after exercise.
However, after screening, only two studies with small numbers of participants were avail-
able to analyze exercise-induced change in IL-6 as a parameter of inflammation. Therefore,
additional studies are needed to assess the effects of vitamin E supplementation on exercise-
induced IL-6.

The current meta-analysis found that vitamin E had a protective effect on exercise-
induced muscle damage and oxidative stress, especially when measured immediately after
exercise, in athletes, and with 500 IU or less vitamin E supplementation. It is noteworthy
that a previous meta-analysis reported that total mortality increased with a higher dosage
of vitamin E supplementation [40]. As a result, people who consumed low doses of vitamin
E supplementation (500 IU) and exercised were expected to have beneficial effects on
exercise-induced muscle damage and oxidative stress.

Even though there have been lots of meta-analyses for understanding the impact
of vitamin E supplementation on exercise-induced muscle damage, the current study
provides distinct perspectives on optimal vitamin E supplementation. First, the current
study considered the dosage effect of vitamin E supplementation. The daily dosage of
vitamin E supplementation used in the present study was divided into high and low
dosages based on the median value (500 IU) and the effects were analyzed on exercise-
induced muscle damage (CK) and oxidative stress (MDA). The results in this study showed
that lower dosage of vitamin E supplementation (<500 IU) had greater protective effects.
Finally, our results showed a complementary relationship among exercise-induced muscle
damage, oxidative stress, and inflammation by confirming the results at once.

Nevertheless, there were also some limitations in the present study. First, other
markers such as PC, 8-OHdG, and TNF- « could not be analyzed due to an insufficient
number of studies, especially using vitamin E alone as a supplement. Although particular
markers were extensively analyzed, additional studies should be performed to analyze
more biomarkers to achieve solid results. Second, there are many differences among
the studies used in this meta-analysis. Despite of subgroup analysis of time-point, daily
dose, and type of subject, differences in exercise types and intensities and duration of
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supplementation could be attributed to high heterogeneity and discrepancy of results
among the studies.

5. Conclusions

In conclusion, this meta-analysis showed that dietary vitamin E supplementation
significantly reduced biomarkers related to exercise-induced muscle damage and oxida-
tive stress. The protective effect of vitamin E became apparent when CK and MDA were
measured immediately after exercise or in athletes. Furthermore, low doses of vitamin E
supplementation (<500 IU/day) had significant protective effects against exercise-induced
muscle damage and oxidative stress. However, vitamin E supplementation was not sig-
nificantly effective on exercise-induced inflammation, despite the small number of RCTs
included. More RCTs are required to analyze various factors generating high heterogeneity
to clarify the effects of dietary vitamin E supplementation on exercise-induced muscle
damage, oxidative stress, and inflammation.
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